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MEMORY CONTROLLER CHANGING
PARTIAL DATA IN MEMORY DEVICE AND
METHOD FOR CHANGING PARTIAL DATA
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

A claim for priority under 35 U.S.C. §119 is made to
Korean Patent Application Nos. 10-2012-0129548 and
10-2012-0129549 filed Nov. 15, 2012, in the Korean Intel-
lectual Property Office, the entire contents of each of which
are hereby incorporated by reference.

BACKGROUND

The inventive concepts described herein relate to a semi-
conductor memory system, and more particularly, relate to a
memory controller capable of changing partial data in a
memory device and a partial data changing method thereof.

A semiconductor memory device is a memory device
which is fabricated using semiconductors such as silicon (Si),
germanium (Ge), gallium arsenide (GaAs), indium phos-
phide (InP), and so on. Semiconductor memory devices are
classified into volatile memory devices and nonvolatile
memory devices.

An error may arise when data is stored at a memory device
and stored data is read from the memory device. Various error
correction codes may be used to detect and correct such
errors. The error correction codes may include an RS (Reed-
Solomon) code, a BCH (Bose-Chaudhuri-Hocquenghem)
code, an LDPC (Low Density Parity Check) code, and so on.

When data is stored at a memory device, parity bits for
error correction may be stored at the memory device together
with the data. In the even that data stored at the memory
device is partially changed, all data stored together with par-
ity bits may be read out to generate new parity bits. This may
mean that a data read time and power consumption increase.

SUMMARY

One example embodiment of the inventive concepts relates
to a partial data changing method of a memory controller
which comprises receiving a request to change partial data
from a host. In one embodiment, the method includes detect-
ing an error of partial data read from a memory device using
an error detection code; and if the partial data read from the
memory device is not erroneous, calculating a data difference
D ;sbetween new data D, provided from the host and partial
data D,,, (hereinafter, referred to as old data) read from the
memory device, calculating new parity P,.,, using the data
difference and old parity P,,, read from the memory device,
and storing the new data and the new parity at the memory
device.

In one embodiment, the partial data changing method fur-
ther comprises reading whole data from the memory device
when the old data is erroneous; and correcting an error of the
old data using an error correction code. After an error of the
old data is corrected, a difference between new data provided
from the host and the error-corrected old data is calculated
and new parity P, is calculated using the data difference
Drand old parity P, read from the memory device.

In one embodiment, the data changing method further
comprises performing a partial data encoding operation of
dividing whole data to be stored at the memory device into a
plurality of partial data, generating parity for an error detec-
tion code of each partial data, and generating partial encoded
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data; and performing a whole data encoding operation of
generating parity for an error correction code of the whole of
partial encoded data after the partial data encoding operation.

In one embodiment, the partial data changing method fur-
ther comprises performing a whole data encoding operation
of'generating parity for an error correction code of whole data
to be stored at the memory device; and after the whole data
encoding operation is performed, dividing whole data to be
stored at the memory device into a plurality of partial data;
and generating parity for an error detection code of whole
data. At the partial data encoding operation, encoded parity
on whole data generated at the whole data encoding operation
is generated.

One embodiment of the inventive concepts relates to a
partial data changing method of a memory controller which
comprises receiving a request to change partial data from a
host; detecting an error of partial data read from a memory
device using an error correction code; and if the partial data
read from the memory device is erroneous, correcting the
error of the partial data, calculating a data difference Ddif
between new data Dnew provided from the host and the
error-corrected partial data Dold (hereinafter, referred to as
old data), and calculating new parity Pnew using the data
difference D and old parity P, read from the memory
device.

In one embodiment, the partial data changing method fur-
ther comprises performing a partial data encoding operation
of'dividing whole data to be stored at the memory device into
a plurality of partial data, generating parity for an error cor-
rection code of each partial data, and generating partial
encoded data; and performing a whole data encoding opera-
tion of generating parity for an error correction code of the
whole of partial encoded data after the partial data encoding
operation.

In one embodiment, the partial data changing method fur-
ther comprises performing a whole data encoding operation
of'generating parity for an error correction code of whole data
to be stored at the memory device; and after the whole data
encoding operation is performed, dividing whole data to be
stored at the memory device into a plurality of partial data and
generating parity for an error correction code of whole data.
At the partial data encoding operation, encoded parity on
whole data generated at the whole data encoding operation is
generated.

In one embodiment, the partial data changing method fur-
ther comprises if the partial data read from the memory device
is not erroneous, calculating a data difference D ;, between
new data D,,_,, provided from the host and partial data D,
read from the memory device and calculating new parity P, .,
using the data difference and old parity P_,, read from the
memory device.

According to at least one example embodiment of the
inventive concepts, in the case that a part of data stored at a
memory device is changed, new parity may be generated
using partial data changed without unmodified data. Since
new parity is generated using changed data only, a data read
time and power consumption may be reduced. Also, if partial
data to be changed is erroneous, an error of new parity may be
prevented by detecting and correcting an error early.

An embodiment of the inventive concepts relates to a
method of operating a memory controller to update parity
information. In one embodiment, the method includes deter-
mining a first parity, the first parity being a parity correspond-
ing to an entirety of first data stored in a memory device, the
first data including a first portion and a second portion; receiv-
ing a request to replace the first portion with new data; cal-
culating a data difference value based on the new data and the
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first portion; updating the first parity by calculating a new
parity of the first data based on the data difference and the first
parity; and replacing the first portion in the first data with the
new data by storing the new data and the new parity at the
memory device.

The data difference and the new parity may be calculated
without using the second portion, and the new parity corre-
sponds to the entirety of the first data including the new data
and the second portion.

The first portion may include contiguous bits of the first
data, the second portion may include contiguous bits of the
first data, and the first and second portions may not overlap
with one another.

BRIEF DESCRIPTION OF THE FIGURES

The above and other features and advantages of example
embodiments will become more apparent by describing in
detail example embodiments with reference to the attached
drawings. The accompanying drawings are intended to depict
example embodiments and should not be interpreted to limit
the intended scope of the claims. The accompanying draw-
ings are not to be considered as drawn to scale unless explic-
itly noted.

FIG. 1 is a block diagram schematically illustrating a
memory system according to an embodiment of the inventive
concepts;

FIG. 2 is a block diagram schematically illustrating a
memory device of FIG. 1;

FIGS. 3 and 4 are circuit diagrams schematically illustrat-
ing a memory cell array according to embodiments of the
inventive concepts;

FIG. 5 is a block diagram schematically illustrating
memory controller illustrated in FIG. 1;

FIG. 6 is a block diagram schematically illustrating a new
parity generator of FIG. 5;

FIGS. 7to 11 are tables and block diagrams for describing
an operation of a new parity generator of FIG. 6;

FIG. 12 is a flow chart illustrating a new parity generating
method of a memory system according to an embodiment of
the inventive concepts;

FIG. 13 is a table illustrating an example of a parity check
matrix;

FIG. 14 is a table illustrating such a case that first one byte
data in a parity check matrix of FIG. 13 is changed;

FIG. 15 is a table illustrating an example in which a new
parity generating operation on a parity check matrix of FIG.
13 is performed every section;

FIGS. 16 and 17 are tables illustrating a data structure for
error detection or correction of partial data;

FIGS. 18 and 19 are conceptual diagrams illustrating
orders of partial data encoding and whole data encoding;

FIGS. 20 and 21 are flow charts illustrating a partial data
changing method in which an error detection or correction
operation of a memory system according to an embodiment
of the inventive concepts is executed;

FIG. 22 is a block diagram schematically illustrating an
application of a memory system of FIG. 1;

FIG. 23 is a block diagram schematically illustrating a
memory card implemented by a memory system according to
an embodiment of the inventive concepts;

FIG. 24 is a block diagram schematically illustrating a
solid state drive implemented by a memory system according
to an embodiment of the inventive concepts; and
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FIG. 25 is a block diagram schematically illustrating a
computing system to which a memory system according to an
embodiment of the inventive concepts is applied.

DETAILED DESCRIPTION

Embodiments will be described in detail with reference to
the accompanying drawings. The inventive concepts, how-
ever, may be embodied in various different forms, and should
not be construed as being limited only to the illustrated
embodiments. Rather, these embodiments are provided as
examples so that this disclosure will be thorough and com-
plete, and will fully convey the inventive concepts to those
skilled in the art. Accordingly, known processes, elements,
and techniques are not described with respect to some of the
embodiments of the inventive concepts. Unless otherwise
noted, like reference numerals denote like elements through-
out the attached drawings and written description, and thus
descriptions will not be repeated. In the drawings, the sizes
and relative sizes of layers and regions may be exaggerated
for clarity.

It will be understood that, although the terms “first”, “sec-
ond”, “third”, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the inventive con-
cepts.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “under”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” or “under” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary terms “below” and “under” can encompass both
an orientation of above and below. The device may be other-
wise oriented (rotated 90 degrees or at other orientations) and
the spatially relative descriptors used herein interpreted
accordingly. In addition, it will also be understood that when
a layer is referred to as being “between” two layers, it can be
the only layer between the two layers, or one or more inter-
vening layers may also be present.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the inventive concepts. As used herein, the singu-
lar forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises™ and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items. Also, the
term “exemplary” is intended to refer to an example or illus-
tration.
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It will be understood that when an element or layer is
referred to as being “on”, “connected to”, “coupled to”, or
“adjacent to” another element or layer, it can be directly on,
connected, coupled, or adjacent to the other element or layer,
or intervening elements or layers may be present. In contrast,
when an element is referred to as being “directly on,”
“directly connected to”, “directly coupled to”, or “immedi-
ately adjacent to” another element or layer, there are no inter-
vening elements or layers present.

It should also be noted that in some alternative implemen-
tations, the functions/acts noted may occur out of the order
noted in the figures. For example, two figures shown in suc-
cession may in fact be executed substantially concurrently or
may sometimes be executed in the reverse order, depending
upon the functionality/acts involved.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and/or the present specification and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.

1. Memory System Including ECC Encoder

FIG. 1 is a block diagram schematically illustrating a
memory system according to an embodiment of the inventive
concepts. Referring to FIG. 1, a memory system 1000 may
include a memory device 1100, a memory controller 1200,
and a host 1300.

The memory device 1100 may include a volatile memory
device and a nonvolatile memory device. The volatile
memory device may be a memory device which loses data
stored therein at power-off. The volatile memory device may
include an SRAM, a DRAM, and so on. The nonvolatile
memory device may be a memory device which retains data
stored therein even at power-off. The nonvolatile memory
device may include a ROM (Read Only Memory), a PROM
(Programmable ROM), an EPROM (Electrically Program-
mable ROM), an EEPROM (Electrically Erasable and Pro-
grammable ROM), a flash memory device, a PRAM (Phase-
change RAM), an MRAM (Magnetic RAM), an RRAM
(Resistive RAM), a FRAM (Ferroelectric RAM), and so on.
The memory device 1100 may use various methods for error
correction when a bit error is generated in operation.

The memory controller 1200 may be connected between
the memory device 1100 and the host 1300. The memory
controller 1200 may access the memory device 1100 in
response to arequest of the host 1300. The memory controller
1200 may receive data from the host 1300 to generate coded
data DATA_C. The memory controller 1200 may provide the
memory device 1100 with a command CMD, an address
ADDR, the coded data DATA_C, and a control signal CTRL..

The memory controller 1200 may receive coded data
DATA_C from the memory device 1100, and may decode the
coded data DATA_C to restore original data. The memory
controller 1200 may send the restored data to the host 1300.

The memory controller 1200 may include an ECC encoder
1270. The ECC encoder 1270 may perform ECC encoding on
data to be provided to the memory device 1100 to generate
coded data DATA_C to which parity is added. The ECC
encoder 1270 may correct an error using the parity.

The ECC encoder 1270 may correct an error using an
LDPC (low density parity check) code, a BCH (Bose-
Chaudhuri-Hocquenghem) code, a turbo code, an RS (Reed-
Solomon code), a convolution code, an RSC (Recursive Sys-
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tematic Code), or coded modulation such as a TCM (Trellis-
Coded Modulation), a BCM (Block Coded Modulation), and
SO on.

When data stored at the memory device 1100 is partially
changed, the ECC encoder 1270 may generate new parity
using data partially changed. The memory system 1000
according to an embodiment of the inventive concepts may
not use data not changed when generating new parity, so that
a data read time and power consumption are reduced.

FIG. 2 is a block diagram schematically illustrating a
memory device 1100 of FIG. 1. Referring to FIG. 2, a
memory device 1100 may include a memory cell array 1110,
anaddress decoder 1120, a data input/output circuit 1130, and
control logic 1140.

The memory cell array 1110 may be connected with the
address decoder 1120 through word lines WL and with the
data input/output circuit 1130 through bit lines BL. The
memory cell array 1110 may include a plurality of memory
cells. Memory cells arranged in a row direction may be con-
nected with a word line. Memory cells arranged in a column
direction may be connected with a bit line. Each memory cell
may store one or more data bits.

The address decoder 1120 may be connected with the
memory cell array 1110 through the word lines WL. The
address decoder 1120 may receive an address ADDR from a
memory controller 1200 (refer to FIG. 1). The address ADDR
may include a row address and a column address. The address
decoder 1120 may select one or more word lines using the row
address, and may transfer the column address CA to the data
input/output circuit 1130.

The data input/output circuit 1130 may be connected with
the memory cell array 1110 through the bit lines BL, and may
exchange coded data DATA_C with the memory controller
1200. The data input/output circuit 1130 may operate respon-
sive to a control of the control logic 1140. The data input/
output circuit 1130 may select one or more bit lines in
response to the column address CA from the address decoder
1120.

The data input/output circuit 1130 may receive coded data
DATA_C from an external device (e.g., a memory controller
1200) to provide the coded data DATA_C to the memory cell
array 1110. The data input/output circuit 1130 may read
coded data DATA_C from the memory cell array 1110 to
output the read data DATA_C to the memory controller 1200.

The control logic 1140 may be connected with the address
decoder 1120 and the data input/output circuit 1130. The
control logic 1140 may control an overall operation (e.g., a
read operation, a write operation, etc.) of the memory device
1100 in response to a command CMD and a control signal
CTRL from the memory controller 1200.

FIGS. 3 and 4 are circuit diagrams schematically illustrat-
ing a memory cell array according to embodiments of the
inventive concepts. FIG. 3 shows an example of a NAND
flash memory, and FIG. 4 shows an example of an STT-
MRAM (Spin Transfer Torque Magneto-resistive Random
Access Memory).

Referring to FIG. 3, a memory cell array 1110a may
include a plurality of flash memory cells. Memory cells MC1
to MCm provided along a row direction may be connected
with word lines WL1 to WLm, respectively. Memory cells in
the same row may be connected with the same word line.
Memory cells MC1 to MCm provided along a column direc-
tion may be connected with bit lines BL.1 to BLn, respec-
tively. Memory cells in the same column may be connected
with the same bit line.

String selection transistors SST may be connected with the
bit lines BL1 to BLn and the memory cells MCm, respec-
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tively. The string selection transistors SST may be connected
with a string selection line SSL. Ground selection transistors
GST may be connected with the memory cells MC1 and a
common source line CSL, respectively. The ground selection
transistors GST may be connected with a ground selection
line GSL.

Referring to FIG. 4, a memory cell array 11106 may
include a plurality of word lines WL 1 to WLm, a plurality of
bitlines BL1 to BLn, and a plurality of memory cells arranged
at intersections of the word lines WL1 to WLm and the bit
lines BL1 to BLn.

In the case that a memory cells is formed of an STT-
MRAM cell, it may include a cell transistor and a magnetic
tunnel junction (MTJ) element having a magnetic material.
The MTJ element can be replaced with a resistive element
such as a PRAM using a phase change material, an RRAM
using a variable resistance material such as complex metal
oxide, or the like.

Returning to FIG. 1, a memory system 1000 according to
an embodiment of the inventive concepts may be configured
such that a memory controller 1200 includes an ECC encoder
1270. When data stored at the memory device 1100 is par-
tially changed, the ECC encoder 1270 according to example
embodiments of the inventive concepts may generate new
parity using the partially changed data. Since new parity is
generated using the partially changed data, a data read time
and power consumption may be reduced.

II. New Parity Generating Method on Partially Change Data

FIG. 5 is a block diagram schematically illustrating
memory controller 1200 illustrated in FIG. 1. Referring to
FIG. 5, a memory controller 1200 may include a system bus
1210, acontrol unit 1220, a RAM 1230, a host interface 1240,
a memory interface 1250, and an ECC encoder 1270.

The system bus 1210 may be used as an internal channel of
the memory controller 1200. The control unit 1220 may con-
trol an overall operation of the memory controller 1200. The
RAM 1230 may be used as at least one of a working memory,
a cache memory, and a buffer memory of the control unit
1220.

The host interface 1240 may communicate with a host
1300 (refer to FIG. 1) according to the specific communica-
tions standard. In example embodiments, the memory con-
troller 1200 may communicate with the host 1300 using at
least one of various communications standards such as USB
(Universal Serial Bus), PCI (peripheral component intercon-
nection), PCI-E (PClI-express), ATA (Advanced Technology
Attachment), Serial-ATA, Parallel-ATA, SCSI (small com-
puter system interface), ESDI (enhanced small disk inter-
face), IDE (Integrated Drive Electronics), and Firewire.

The memory interface 1250 may interface with a memory
device 1100 (refer to FIG. 1). For example, the memory
interface 1250 may include a NAND flash interface, an
MRAM interface, or the like.

The ECC encoder 1270 may perform ECC encoding on
data from the host 1300 to provide the memory device 1100
with coded data DATA_C and parity. Herein, the coded data
DATA_C may be also referred to ECC data. Assuming that
data to be stored at the memory device 1100 is D1, D2, D3,
and D4, the parity may be calculated by the following equa-
tion 1.

P1=D1+D2+D3+D4 o)

In the equation 1, the addition may be an XOR operation or
a mod 2 operation. Alternatively, the addition may be an
operation corresponding to a non-binary code to a nonlinear
code.
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As used herein, the operations of adding or subtracting bits
may both be achieved by XOR operations.

The ECC encoder 1270 may include a new parity generator
1260. When a part of data stored at the memory device 1100
is changed, the new parity generator 1260 in the ECC encoder
1270 may generate a new parity using partial data changed.
The new parity generator 1260 can be placed outside the ECC
encoder 1270.

FIG. 6 is a block diagram schematically illustrating a new
parity generator of FIG. 5. Referring to FIG. 6, a new parity
generator 1260 may comprise a data location identifier 1261,
a data difference calculator 1262, and a parity calculator
1263.

The data location identifier 1261 may identify a location of
new data Dnew input from a host 1300, and may provide a
location signal LOC to the data difference calculator 1262
and the parity calculator 1263. Herein, a location of new data
may mean a location of data, to be changed with new data,
from among data stored at a memory device 1100.

For example, it is assumed that parity P is generated using
fourdata D1, D2, D3, and D4. As an example, at this time, the
data D1 to D4 may be located at locations d1 to d4, respec-
tively. In the event that D1 and D2 are changed with new data,
a location of the new data may be d1 and d2. In the descrip-
tions below, old data at a location d1 may be referred to as
D1,,, and new data may be referred to as D1,,,,,. If old data
D1,,, at a location d1 is changed with new data D1,,,,, the
data location identifier 1261 may provide the location signal
LOC indicating d1.

The data difference calculator 1262 may receive the loca-
tion signal LOC on new data from the data location identifier
1261, and may calculate a difference between the new data
D, from the host 1300 and old data D, stored at the
memory device 1100. The data difference calculator 1262
may provide the parity calculator 1263 with a data difference
D ;-between the new data D,,,,, and the old data D,

The parity calculator 1263 may receive the location signal
LOC on new data, and may calculate a new parity P,_,, using
the data difference D, from the data difference calculator
1262 and an old parity P, stored at the memory device 1100.
An operation of the parity calculator 1263 will be more fully
described with reference to FIGS. 10 and 11.

A structure and an operating principle of the new parity
generator 1260 may be based on the following mathematical
principle. It is assumed that data D1_,,, D2 _,,, D3,,, D4,,,
and parity P_,, are stored at the memory device 1100.

With the equation 1, an old parity P_, ;may be expressed by:

Po1a=D1o1a+D2,1+D3 1+ DA o

Herein, if D1 _,, and D2_,, are replaced with D1, and
D2,,..., the old parity P_,, may be changed. If a part of data
stored at the memory device 1100 is changed, a conventional
memory system may read all data D1_,,, D2_,,, D3_,,, D4_,,
from the memory device 1100, change data, and calculate
new parity P .

With the equation 1, new parity P,

new
P
The new parity P, .,

(D +D2,,00, D3 o1+ DA 510)~ (D1 4 1q+D2 1+ D3 oyt
DA 1.

may be expressed by:

=D1,,.,,+D2, ., +D3 ;D45

minus the old parity P_,, may equal

Then, the new parity P, may be expressed by:

new

Prirs=P ot (D1, D2, 0+ D3 1+ DA, )= (D1 1+

new

D2,1+D3 1+ DA 1)
PP o+ (DL,, 0, +D2,,,,)~(D1 D2 1)

Praow=Pott (D, 00,~D1 1) H D210~ D2 1)
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As understood from the above expression, data D3_,, and
D4 ,, not changed may be removed during an arithmetic
operation. This may mean that when data stored at the
memory device 1100 is partially changed data not changed is
unnecessary for the purpose of determining a new parity for
the data D1-D4.

A conventional memory system may read all data includ-
ing data D3 _,, and D4 _,, not changed to calculate new parity.
Although a size of ECC data is large and a size of data to be
changed is small, the conventional memory system may read
all data to generate new parity. For this reason, a lot of data
read time and a lot of power may be required.

If data stored at the memory device 1100 is partially
changed, the memory system 1000 according to an embodi-
ment of the inventive concepts may generate new parity using
data partially changed through the new parity generator 1260
of FIG. 6 without read-out of all data. Thus, a data read time
and power consumption may be reduced.

Below, an operation of a new parity generator of FIG. 6 will
be more fully described with reference to FIGS. 7 and 11.

Referring to FIG. 7, itis assumed that four old data D , ,and
one old parity P are stored at a memory device 1100. Old data
D,,,at locations d1 to d4 may be 0,0, 1, and 1. Thatis, D1 _,,
is0,D2_,,is0,D3_,;is 1, and D4 ,,is 1. Thus, P_,, (=D1_,+
D2,,+D3,,+D4,,,) may be 0 by an XOR operation.

ItisassumedthatolddataD1_,,and D2 ,,are changed with
new data D1, and D2, . As illustrated in FIG. 7, D1, ,,
may be0and D2, may be 1. A new parity generator 1260 of
FIG. 6 may generate a new parity P,,, without unmodified
data D3_,, and D4_,,. Below, a method of obtaining new
parity P, without unmodified data D3 ,, and D4_,, will be
described.

FIG. 8 is a block diagram schematically illustrating a data
difference calculator of FIG. 6. Referring to FIG. 8, a data
difference calculator 1262 may receive a location signal LOC
on new data to calculate a difference between new data D,
and old data D,,;,,. A data difference D ;,,may be calculated by
the following equation 2.

Ddif:Dnew_Dold:XOR(Doldanew) (2)

In the equation 2, the subtraction may be an XOR operation
or amod 2 operation. Alternatively, the subtraction may be an
operation corresponding to a non-binary code or to a nonlin-
ear code.

The data difference calculator 1262 may receive a location
signal d1 to calculate a difference D1, between new data
D1,,,,and old data D1_,,. Then, the data difference calculator
1262 may receive a location signal d2 to calculate a difference
D2, between new data D2, and old data D2 ,,. Herein, the
data difference D1 ;,,may mean a difference between the new
data D,,,,, and the old data D1, which are located at a loca-
tiond1. Alternatively, the data difference calculator 1262 may
receive the location signals d1 and d2 to calculate the data
differences D1, -and D2, .at the same time. The data differ-
ences D1,,.and D2, ,may be provided to a parity calculator
1263.

FIG. 9 is a table for describing an operation of a data
difference calculator of FIG. 8. As described above, it is
assumed that old data D1 ,, and D2 ,, are changed with new
dataD1,,,,, and D2, . Since the data D1,,,,, and D1 ,, are O,
data diffidence D1, of the equation 2 may be 0. Since data
D2,,is 0and D2, are 1, data diffidence D2, -may be 1.

FIG. 10 is a block diagram schematically illustrating a
parity calculator of FIG. 6. Referring to FIG. 10, a parity
calculator 1263 may receive a location signal LOC on new
data to calculate new parity P,,,, using data difference D,
from a data difference calculator 1262 and old parity P,
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stored at a memory device 1100. The new parity P,
calculated by the following equation 3.

may be

new

3

In the above example, D ;,;may be a sum of D1 ;;and D2, .
D1 ;,may bea difference between D1,,,,,and D1, and D2 -
may be a difference between D2, and D2 _,,. That is, the
equation 3 may be expressed by: P, =P, A4DI,+
D2,~P,+D1,,,-D1,)+D2,,,~-D2,.).

FIG. 11 is a table for describing an operation of a parity
calculator of FIG. 10. As calculated using an example of FIG.
9,if D1 ;.is 0and D2 is 1, a total data difference D ;,may be
1. Since P, is 0 and D ;15 1, new parity P,.,, may be 1.

Referring to the equation 3, new parity P, , may be
expressed by a function of the old parity P,,, and a changed
data difference D ;,» Herein, a function for obtaining the new
parity P, may not be associated with unmodified data (e.g.,
D3,,,and D4 ;). This may be expanded to a non-binary code
or a nonlinear code.

Since a memory system according to an embodiment of the
inventive concepts calculates new parity using changed data
only, a data read time and power consumption may be
reduced. In particular, the memory system according to an
embodiment of the inventive concepts may be advantageous
to the case that a small size of data is changed.

FIG. 12 is a flow chart illustrating a new parity generating
method of a memory system according to an embodiment of
the inventive concepts.

In operation S110, a memory controller 1200 (refer to FI1G.
1) may read old data D,,; and an old parity P,,, from a
memory device 1100 (refer to FIG. 1). In operation S120, the
memory controller 1200 may receive new data D,,,,, from a
host 1300 (refer to FIG. 1). In operation S130, the memory
controller 1200 may calculate a difference D ;. between the
old data D, and the new data D, . In operation S140, the
memory controller 1200 may calculate a new parity P, _,,
using the old parity P, and the difference D ;.

FIG. 13 is a table illustrating an example of a parity check
matrix. Referring to FIG. 13, a code length of data stored at a
memory device 1100 (refer to FIG. 1) may be 72 and a data
length thereof may be 64. FIG. 13 illustrates data locations
d0-d55 which may correspond, respectively, to data D0-D55.
In FIG. 13, there is illustrated an example of a parity check
matrix of (72, 64) single error correction-double error detec-
tion (SEC-DED). Herein, the single error correction-double
error detection may mean that one error is corrected and two
errors are detected.

In FIG. 13, a row may be expressed by a parity check
equation. Parity may be generated by adding code bits at
locations corresponding to 1 in a row. For example, parity PO
of'a first row R1 may be calculated by the following equation
4.

P, =P o +D gy

PO=DO+D1+D2+ ... +D56+D57+D58 4

Parities P1 to P7 of second to eighth rows R2 to R8 may be
calculated in the same manner as the equation 4. The follow-
ing table 1 may show parities of rows R1 to RS8.

TABLE 1

PO DO+D1+D2+D3+...+D53+D56+D57+D58

P1 DO+D1+D2+D8+...+D58+D59+ D60 + D61

P2 D3+D4+D5+D8+...+D51+D59+D62+D63

P3 D3+D6+D7+DI11+...+D47 + D48 + D51 + D59

P4 D3 +DI11+D14+DI15+...+ D52+ D55+ D56 + D59
PS5 DO+D3+DI11+D19+...+ D54+ D57 + D60 + D63

P6 D1 +D4+D7+D8+...+D55+D57+ D57+ D60 + D61
P7 D2+D5+D6+D9+...+D60+D61 +D62+ D63
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A memory system 1000 (refer to FIG. 1) according to an
embodiment of the inventive concepts may generate new
parities on a plurality of rows. As illustrated in FIG. 13, new
parities on the first to eighth rows R1 to R8 may be generated
to have a predetermined size. In this case, as described above,
if data is partially changed, new parity may be generated
using data partially changed, not all data.

FIG. 14 is a table illustrating such a case that first one byte
datain a parity check matrix of FIG. 13 is changed. InFIG. 14,
unmodified data, that is, data not used to calculate new parity
may be marked by X.

Iffirst one byte data of data stored at a memory device 1100
is changed, a conventional memory system may read all data
of FIG. 13 to generate new parity. However, a memory system
1000 according to an embodiment of the inventive concepts
may read first 1-byte data and 1-byte parity to generate new
parity. That is, Referring to the equation 3, the memory sys-
tem 1000 of the inventive concepts may calculate a difference
between one byte of new data D,,_,, and one byte of old data
D, and may generate new parity P, _,, using the difference
D ;rand old parity P _,,. Since new parity is calculated using
changed data only, a data read time and power consumption
may be reduced.

As illustrated in FIG. 14, if new parity is calculated using
partial data (e.g., first 1-byte data) of the memory device
1100, ECC encoding may be performed in various methods.
For example, ECC encoding may be performed using only
modified data. That is, new parity P, may be calculated
using a difference D ;. of changed data and old parity P,,,.
Alternatively, data stored at the memory device 1100 may be
divided into sections having a predetermined size, and a new
parity generating operation may be performed with respect to
sections, respectively.

FIG. 15 is a table illustrating an example in which a new
parity generating operation on a parity check matrix of FIG.
13 is performed every section. To perform a new parity gen-
erating operation every section, an ECC encoder 1270 may
include new parity generators corresponding to sections.

In the event that a first section of data is changed, new
parity PO, may be expressed by:

PO, +D0, dl-f+Dl dl-/+D2 dl-/+D3 dif+D4dif+D5 dl-/+D6 it
air

Herein, D1 ,,may be (D1,,.,,~D1,,,). A new parity genera-
tor of each section may be designed according to the above
equation PO, ... As illustrated in FIG. 15, if a parity generat-
ing operation of each section is performed by the byte, the
ECC encoder 1270 may perform a byte-masking operation.

As described above, since new parity is generated using
changed data only, a data read time and power consumption
may be reduced. Also, the new parity generating operation
may be performed every section. In particular, a memory
system according to an embodiment of the inventive concepts
may be advantageous to the case that data is changed by a
small unit.
I1I1. Partial Data Changing Method Including Error Detection
and Correction

Returning to the equation 4, if a first section of data is
changed, new parity PO, may be expressed by:

PO, +D0 dl.f+Dl dl.f+D2 dl.f+D3 dif+D4 dl.f+D5 dl.f+D6 airt
D7y
If the first section of data to be changed is erroneous, the
new parity PO, , may be also erroneous.
In the event that data to be changed is erroneous, an error of
new parity may be prevented by detecting and correcting an
error early. Below, data in each section may be referred to as

partial data.
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FIGS. 16 and 17 are tables illustrating a data structure for
error detection or correction of partial data. FIG. 16 is a data
structure for error detection of partial data. FIG. 17 is a data
structure for error correction of partial data.

Referring to FIG. 16, whole data may be divided into n
partial data. At a data encoding operation, parity for error
detection of each partial data and parity for error correction of
the whole data may be generated. Referring to FIG. 17, parity
for error correction of each partial data and parity for error
correction of the whole data may be generated.

FIGS. 18 and 19 are conceptual diagrams illustrating
orders of partial data encoding and whole data encoding. FIG.
18 shows a method in which partial data encoding is first
performed and then whole data encoding is performed.

Referring to FIG. 18, whole data 110 may be divided into
n partial data sections Partial DATA1 to Partial DATAn (n
being a natural number). A partial data encoding operation
may be performed with respect to each partial data. Herein,
parity for error detection or correction may be generated at the
partial data encoding operation.

The whole data 110 formed of'n partial data sections Partial
DATAI1 to Partial DATAn may become a partially encoded
whole data 120 through a partial data encoding operation for
EDC or ECC. The partially encoded whole data 120 may be
formed of n partial coded data Partial Encoded
DATA1~DATAn, each of which includes partial data and
parity.

For example, first partial data Partial DATA1 may become
first partial coded data Partial Encoded DATA1 through a
partial data encoding operation for EDC or ECC. The first
partial coded data Partial Encoded DATA1 may be formed of
the first partial data Partial DATA1 and first parity P1. Like-
wise, nth partial coded data Partial Encoded DATAn may be
formed of nth partial data Partial DATAn and nth parity Pn.

The partially encoded whole data 120 may become final
coded data 130 through a whole data encoding operation for
ECC. The final coded data 130 may be formed of partially
coded whole data 131 and parity 132. Herein, the parity 132
may be parity on the partially coded whole data 131.

FIG. 19 shows a method in which whole data encoding is
performed and then partial data encoding is performed.
Referring to FIG. 19, whole data 210 may become entirely
encoded data 220 through a whole data encoding operation
for ECC.

The entirely encoded data 220 may be formed of whole
data 221 and parity 222 of the whole data 221. In FIG. 19,
dotted lines 211 and 221 may indicate whole data before
dividing into partial data sections. The parity 222 may be used
to correct an error of the whole data.

Referring to FIG. 19, the whole data 221 may be divided
into first to nth partial data sections Partial DATA1 to Partial
DATAn. A partial data encoding operation for EDC or ECC
may be executed with respect to each partial data. Herein,
parity for error detection or correction may be generated at a
partial data encoding operation.

The whole data 221 formed of n partial data Partial DATA1
to Partial DATAn may become partially encoded data through
a partial data encoding operation for EDC or ECC. For
example, first partial data Partial DATA1 may become first
partial coded data Partial Encoded DATA1 231. The first
partial coded data Partial Encoded DATA1 231 may be
formed of the first partial data Partial DATA1 and first parity
P1.

Parity 222 of the whole data may become encoded parity
through a partial data encoding operation for EDC or ECC.
Herein, the encoded parity 232 may be generated by encoding
parity 222 of the whole data.
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FIGS. 20 and 21 are flow charts illustrating a partial data
changing method in which an error detection or correction
operation of a memory system according to an embodiment
of'the inventive concepts is executed. FIG. 20 shows a partial
data encoding operation for EDC. FIG. 21 shows a partial
data encoding operation for ECC.

Referring to FIG. 20, in operation S210, a host 1300 (refer
to FIG. 1) may request a change of partial data at a memory
controller 1200 (refer to FIG. 1).

In operation S220, the memory controller 120 may check
an error using EDC for partial data read from a memory
device 1100 (refer to FIG. 1). Herein, the partial data read
from the memory device 1100 may be old data D_,,. Old data
D,,; and an old parity P_,, for EDC may be stored at the
memory device 1100.

In operation S230, the memory controller 1200 may deter-
mine whether the partial data read from the memory device
1100 is erroneous. If so, the method proceeds to operation
S240, in which whole data is read. In operation S245, a data
error may be corrected using ECC for the whole data.

In the case that an error is not detected in operation S240 or
an error is corrected in operation S245, in operation S250, the
memory controller 1200 may read partial data to generate
new parity P,,.. That is, as described with reference to FIG.
12, the new parity may be generated using a data difference
D betweennew dataD,,,,, and old data D,,;,and an old parity
Pold'

In operation S260, the new partial data and the new parity
P,.,, may be stored at the memory device 1100.

Referring to FIG. 21, in operation S310, a change of partial
data may be requested.

In operation S320, an error may be checked using ECC for
partial data read from the memory device 1100. Old data D,
and an old parity P_,, for ECC may be stored at the memory
device 1100.

In operation S330, the memory controller 1200 may deter-
mine whether the partial data read from the memory device
1100 is erroneous. If so, the method proceeds to operation
S340, in which the memory controller 1200 correct a data
error using ECC for partial data.

In the case that an error is not detected in operation S330 or
an error is corrected in operation S340, in operation S350, the
memory controller 1200 may read partial data to generate a
new parity P,,.,.. In operation S360, the new partial data and
the new parity P,,.,, may be stored at the memory device 1100.

As described above, since new parity is generated using
changed data only, a data read time and power consumption
may be reduced. In example embodiments, a new parity gen-
erating operation may be executed every section. If partial
data to be changed is erroneous, an error of new parity may be
prevented by detecting and correcting an error early.

IV. Applications

FIG. 22 is a block diagram schematically illustrating an
application of'a memory system of FIG. 1. Referring to FIG.
22, a memory system 2000 may include a memory device
2100 and a memory controller 2200 which may have the
structure and operation discussed above with respect to
memory device 1100 and memory controller 120, respec-
tively, according to at least one example embodiment.

The memory device 2100 may include a plurality of
memory chips. The memory chips may be divided into a
plurality of groups. Memory chips in each group may be
configured to communicate with the memory controller 2200
via a common channel. In FIG. 22, there is illustrated an
example in which a plurality of memory chips communicates
with the memory controller 2200 via a plurality of channels
CH1 to CHk.
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FIG. 23 is a block diagram schematically illustrating a
memory card implemented by a memory system according to
an embodiment of the inventive concepts. Referring to FIG.
23, amemory card 3000 may include a memory device 3100,
a memory controller 3200, and a connector 3300. According
to atleast one example embodiment, the memory device 3100
and memory controller 3200 may have the structure and
operation discussed above with respect to memory device
1100 and memory controller 1200, respectively.

The connector 3300 may connect the memory card 300
electrically with a host. The memory card 3000 may include
memory cards such as a PC card (PCMCIA: personal com-
puter memory card international association), a compact flash
(CF) card, a smart media card (SM, SMC), a memory stick, a
multimedia card (MMC, RS-MMC, MMCmicro), an SD card
(SD, miniSD, microSD, SDHC), a universal flash storage
device (UFS), and so on.

FIG. 24 is a block diagram schematically illustrating a
solid state drive implemented by a memory system according
to an embodiment of the inventive concepts. Referring to FI1G.
24, a solid state drive 4000 may include a plurality of memory
devices 4100, a memory controller 4200, and a connector
4300. The connector 4300 may connect the solid state drive
4000 electrically with a host. According to at least one
example embodiment, each of the memory devices 4100 may
have the structure and operation discussed above with respect
to memory device 1100, and the controller 4200 may have the
structure and operation discussed above with respect to the
memory controller 1200.

FIG. 25 is a block diagram schematically illustrating a
computing system to which a memory system according to an
embodiment of the inventive concepts is applied. Referring to
FIG. 25, a computing system 5000 may include a bus 5100, a
processor 5200, a memory system 5300, a modem 5400, and
a user interface 5500.

Thebus 5100 may provide a channel among components of
the computing system 5000. The processor 5200 may control
an overall operation of the computing system 5000, and may
perform a logical operation. The memory system 5300 may
include a memory system 1000 or 2000 according to an
embodiment of the inventive concepts.

The memory system 5300 may be used as a working
memory or storage of the computing system 5000. The work-
ing memory may be a storage space used for the processor
5200 to control the computing system 5000. The storage may
be a storage space used for the computing system 5000 to
retain data in the long term.

When the memory system 5300 is used as a working
memory, the computing system 5000 may further comprise
separate storage. When the memory system 5300 is used as
storage, the computing system 5000 may further comprise a
separate working memory. The modem 5400 may communi-
cate with an external device in a wire or wireless manner.

According to at least one example embodiment, the
memory system 5300 may include a memory device that has
the structure and operation discussed above with respect to
memory device 1100, and the memory system 5300 may
include a memory controller that has the structure and opera-
tion discussed above with respect to the memory controller
1200.

The user interface 5500 may include user input interfaces
such as a camera, a keyboard, a mouse, a microphone, a touch
panel, a touch pad, a button, a sensor, and so on. The user
interface 5500 may further include user output interfaces such
as a display, a speaker, a ramp, a motor, and so on.

The computing system 5000 may be a mobile multimedia
device such as a smart phone, a smart pad, or the like or a
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multimedia device such as a notebook computer, a smart
television, a computer, a smart monitor, or the like.

While the inventive concepts has been described with ref-
erence to exemplary embodiments, it will be apparent to those
skilled in the art that various changes and modifications may
be made without departing from the spirit and scope of the
present invention. Therefore, it should be understood that the
above embodiments are not limiting, but illustrative.

What is claimed is:
1. A partial data changing method of a memory controller
comprising:
receiving a request to change partial data from a host;
detecting an error of old data, the old data being partial data
read from a memory device;
calculating a data difference between new data provided
from the host and the old data;
calculating a new parity using the data difference and an
old parity read from the memory device, the old parity
being a parity corresponding to the old data, the new
parity being a parity corresponding to the new data; and
storing the new data and the new parity at the memory
device.
2. The partial data changing method of claim 1, further
comprising:
reading whole data from the memory device when the old
data is erroneous; and
correcting the error of the old data using an error correction
code, and
wherein the error of the old data is detected using an error
detection code, and the calculating the data difference is
performed if the old data is not erroneous.
3. The partial data changing method of claim 2, wherein
the calculating the data difference includes, after the error
of the old data is corrected, calculating the data differ-
ence between the new data provided from the host and
the error-corrected old data, and
the calculating the new parity includes calculating the new
parity using the data difference and the old parity read
from the memory device.
4. The partial data changing method of claim 3, further
comprising:
performing a partial data encoding operation of dividing
whole data to be stored at the memory device into a
plurality of partial data, generating a parity for an error
detection code of each partial data, and generating par-
tial encoded data.
5. The partial data changing method of claim 4, further
comprising:
performing a whole data encoding operation of generating
a parity for an error correction code of all the partial
encoded data corresponding to the plurality of partial
data after the partial data encoding operation.
6. The partial data changing method of claim 2, further
comprising:
performing a whole data encoding operation including
generating a parity for an error correction code of whole
data to be stored at the memory device.
7. The partial data changing method of claim 6, further
comprising:
after the whole data encoding operation is performed,
dividing the whole data into a plurality of partial data,
the whole data being data to be stored at the memory
device; and
generating a parity for an error detection code of the whole
data.
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8. The partial data changing method of claim 7, further
comprising:
performing a partial data encoding operation of generating
aparity of an error detection code of each of the plurality
of partial data and generating partial encoded data.
9. The partial data changing method of claim 8, wherein at
the partial data encoding operation, encoded parity on the
whole data generated at the whole data encoding operation is

generated.
10. The partial data changing method of claim 1, further
comprising:
if the old data is erroneous, correcting the error of the old
data,
wherein the error of old data is detected using an error
correction code, and
wherein, if the error of the old data is corrected, the calcu-
lating the data difference is performed between the new
data provided from the host and the error-corrected old
data.
11. The partial data changing method of claim 10, further
comprising:
storing the new data and the new parity at the memory
device.

12. The partial data changing method of claim 10, further
comprising:
performing a partial data encoding operation of dividing
whole data to be stored at the memory device into a
plurality of partial data, generating a parity for an error
correction code of each of the plurality of partial data,
and generating partial encoded data; and
performing a whole data encoding operation of generating
a parity for an error correction code of all the partial
encoded data corresponding to the plurality of partial
data after the partial data encoding operation.
13. The partial data changing method of claim 10, further
comprising:
performing a whole data encoding operation of generating
a parity for an error correction code of whole data to be
stored at the memory device; and
after the whole data encoding operation is performed,
dividing the whole data into a plurality of partial data
and generating a parity for an error correction code of the
whole data.
14. The partial data changing method of claim 13, further
comprising:
performing a partial data encoding operation of generating
a parity of an error correction code of each of the plu-
rality of partial data and generating partial encoded data.
15. The partial data changing method of claim 14, wherein
at the partial data encoding operation, an encoded parity on
the whole data generated at the whole data encoding opera-
tion is generated.
16. The partial data changing method of claim 10, further
comprising:
if the partial data read from the memory device is not
erroneous, the calculating the data difference includes
calculating the data difference between the new data
provided from the host and the old data and the calcu-
lating the new parity includes calculating the new parity
using the data difference and the old parity read from the
memory device.
17. The partial data changing method of claim 10, wherein
the memory device is a volatile memory device.
18. The partial data changing method of claim 10, wherein
the memory device is a nonvolatile memory device.
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19. A memory controller for generating a new parity when
partial data of a memory device is changed, comprising:

adatalocation identifier configured to identify a location of
the changed partial data;

a data difference calculator configured to receive location
information of the changed partial data from the data
location identifier and to calculate a data difference
between new data input from a host and old data input
from the memory device; and

a parity calculator configured to calculate the new parity
using an old parity stored at the memory device and the
data difference, the old parity being a parity correspond-
ing to the old data, the new parity being a parity corre-
sponding to the new data.

20. The memory controller of claim 19, wherein the data
location identifier, the data difference calculator, and the par-
ity calculator are included in a new parity generator.

21. The memory controller of claim 19, wherein the data
difference calculator is configured to process unmodified data
of'data stored at the memory device to be setto 0 and calculate
the data difference between the new data and the old data.

22. The memory controller of claim 19, wherein the data
difference calculator is configured to divide the changed par-
tial data into a plurality of sections and calculate the data
difference between the new data and the old data with respect
to each of the plurality of sections.

23. The memory controller of claim 19, wherein the data
difference calculator is configured to calculate the data dif-
ference between the new data and the old data using an XOR
operation.

24. A memory system comprising:

a memory device configured to store data and a parity;

a host configured to provide new data for changing partial
data stored at the memory device and location informa-
tion of the changed partial data; and

amemory controller configured to receive the new data and
the location information from the host, to calculate a
data difference between the new data provided from the
host and old data input from the memory device, and to
generate a new parity using an old parity stored at the
memory device and the data difference, the old parity
being a parity corresponding to the old data, the new
parity being a parity corresponding to the new data.
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25. The memory system of claim 24, wherein the memory
controller comprises:

adatalocation identifier configured to identify a location of
the changed partial data;

a data difference calculator configured to receive the loca-
tion information from the data location identifier and to
calculate the data difference between the new data and
the old data; and

a parity calculator configured to calculate the new parity
using the old parity and the data difference.

26. The memory system of claim 24, wherein the data
difference calculator is configured to process unmodified data
of the data stored at the memory device to be set to 0 and
calculate the data difference between the new data and the old
data.

27. The memory system of claim 24, wherein the data
difference calculator is configured to divide the changed par-
tial data into a plurality of sections and calculate the data
difference between the new data and the old data with respect
to each of the plurality of sections.

28. A method of operating a memory controller to update
parity information, the method comprising:

determining, at the memory controller, a first parity, the
first parity being a parity corresponding to an entirety of
first data stored in a memory device, the first data includ-
ing a first portion and a second portion;

receiving a request to replace the first portion with new
data;

generating, at the memory controller, a data difference
based on the new data and the first portion;

updating the first parity by generating, at the memory con-
troller, a new parity of the first data based on the data
difference and the first parity; and

replacing the first portion in the first data with the new data
by storing the new data and the new parity at the memory
device.

29. The method of claim 28, wherein the memory control-
ler performs the operations of generating the data difference
and generating the new parity without using the second por-
tion, and the new parity corresponds to the entirety of the first
data including the new data and the second portion.

30. The method of claim 28, wherein the first portion
includes contiguous bits of the first data, the second portion
includes contiguous bits of the first data, and the first and
second portions do not overlap with one another.

#* #* #* #* #*



